Background. Firefighting requires tremendous cognitive demands including assessing emergency scenes, executing critical decisions, and situational awareness of their surroundings. The aim of this study was to determine the effects of differing rates of increasing core temperature on cognitive function during exercise-induced heat stress.
Introduction

39
Firefighting requires tremendous physical and cognitive resources to perform safe and 40 effective operations (Barr et al. 2010) . Cognitive demands for firefighters include assessing and 41 executing critical decisions along with situational awareness to determine the safest means of 42 exiting the emergency scene (Barr et al. 2010) . Research about the effects of thermal stress on 43 cognitive function for firefighters is limited.
44
A limitation of previous work using simple cognitive tasks is they are not sensitive to the 45 changes in cognitive function that occur during or following firefighting activities in the heat 46 (Smith & Petruzzello 1998) . One study addressed this by using a standardized testing battery, the 47 Cambridge Neuropsychological Test Automated Battery (CANTAB), which assesses more 48 complex cognitive tasks, such as sustained attention and working memory capacity, as well as 49 reaction time (Rayson et al. 2005) . No impairments in cognitive function were revealed with the 50 live-fire simulation, however, the cognitive tests were administered 30-min after the heat stress 51 protocol, which may have allowed any negative effects of heat stress to dissipate (Rayson et al. 52 2005) .
53
Despite limited research on firefighters, numerous studies have examined the effect of 54 heat stress on cognitive function within the general population. Early data suggested it was the 55 dynamic change in core temperature that limited cognitive function and not the absolute core 56 temperature attained (Allan & Gibson 1979) . Further, it appears that task complexity is a major 57 factor on performance in the heat (Hancock & Vasmatzidis 2003) . In a subsequent review, 58 Hancock & Vasmatzidis (2003) suggested that more complex tasks including vigilance, tracking, 59 and multiple tasks conducted simultaneously are more vulnerable to heat stress than simple tasks, 60 such as reaction time and mental transformation.
84
The research protocol was approved by the Office of Research Ethics at the University of 85 Ontario Institute of Technology (REB #12-076) and informed written consent was obtained prior 86 to participation in the study. Nineteen male firefighters were recruited to take part in each phase 87 of testing. Participants were requested to refrain from vigorous exercise, alcohol, non-steroidal 88 anti-inflammatories, and sleep medication in the 24 hours prior to testing and to refrain from 89 consuming alcohol or nicotine 12 hours prior to arrival. Mean values for age, years of 90 firefighting service, body mass, height, body mass index (BMI), and percent body fat were 35.6 91 ± 2.0 years, 10.0 ± 2.1 years, 85.1 ± 12.6 kg, 1.76 ± 0.07 m, 27.3 ± 3.2 kg . m -2 , and 16.7 ± 5.8%, 92 respectively. Inclusion criteria were (1) incumbent firefighter, (2) age less than 50 years, (3) not 93 currently taking medication, and (4) urine specific gravity (USG) less than 1.030 (Casa et al. 94 2000) , (values higher indicate serious dehydration), prior to the EIHS protocol.
95
Testing was conducted on 3 separate days, 1 day for familiarization of the CANTAB 96 battery, and 2 days for the EIHS and cognitive function protocols. All EIHS trials were 97 conducted at the University of Ontario Institute of Technology's ACE climate chamber at 30°C 98 or 35°C and 50% relative humidity, with wind speed maintained at ≤ 0.1 m . s -1 . The EIHS trials 99 were randomized and at least 28 days apart during the winter months (January through April) to 100 limit any potential effects of acute heat acclimation by the firefighters (Selkirk & McLellan 101 2004) .
102
Nine participants attended the climate chamber at 0800 h and 10 participants began 103 testing at 1200 h on both testing days after ingesting a core temperature (T core ) radio-pill (HQ 104 Inc, Palmetto, FL) approximately 6 to 9 hours prior to attending the EIHS trials. Upon arrival, 105 each participant had their nude body mass measured on a digital scale (Tanita, Arlington 129 of exposure ) with similar targets of T core as investigated by Gaoua et al. 130 (2011) .
131
Due to volitional fatigue, only 13 and 12 participants were able to reach Cog 4 in the 132 30°C and 35°C conditions, respectively. To mitigate the potential for dehydration, participants 133 were given 5 mL . kg -1 of warm water (37°C) before PRE and 134 following Cog 2, 3, 4, and active cooling recovery to avoid influencing measurements with the 135 radio-pill. This specific hydration protocol was utilized to eliminate the confounding impact that 136 dehydration has on cognitive performance in order to understand the effects of increasing T core 137 on cognitive function. Upon completion of REC, participants removed their PPC within 5-min 138 and toweled off any remaining sweat to determine final nude mass.
139
Cognitive function was assessed using the CANTAB battery (Cambridge Cognition, 140 Cambridge, UK), specifically (i) visual episodic memory, PAL (paired associates learning), ii) 141 processing and psychomotor speed, RTI (reaction time), (iii) visuospatial working memory, SSP 142 (spatial span), iv) working memory and strategy, SWM (spatial working memory), and v) 143 sustained attention, RVP (rapid visual information processing). These cognitive tests represent 144 the nature of the cognitive demands of firefighting including spatial awareness, attention, 145 integrating new information (working memory), and rapidly processing information. During 146 exercise (Cog 1, 2, 3, 4) only PAL and SSP were assessed, whereas before (PRE) and after 147 exercise (POST and REC) the complete CANTAB battery was performed. A more 148 comprehensive description of each cognitive assessment can be found in Bourke et al. (2012) 149 and Rayson et al. (2005) .
150
Statistical analysis was conducted using IBM SPSS Statistics for Windows (Version 23.0, 152 cognitive function. As a result, all participants were grouped together for subsequent analyses.
153 Normality for each of the dependent variables was confirmed using the Shapiro-Wilks test. A 154 one-within (cognitive trial) and one-between (condition) repeated measures ANOVA was 155 conducted on dependent measures for RTI, SWM, RVP, and overall ∆T core. Simple effects 156 analysis using a Bonferroni correction was conducted when a significant interaction effect was 157 found. Partial eta-squared (ŋ 2 p ) was calculated, as a measure of effect size, with values for small, 158 medium, and large effect size set at 0.01, 0.06, and 0.14, respectively (Fritz et al. 2012 (Figure 2A ) and during the individual cognitive trials ( Figure 2B ). The use of T core as the independent variable in the current study is 211 a unique methodological approach along with conducting cognitive assessments during physical 212 activity, which is indicative of the situation firefighters are required to perform cognitive tasks 213 during an emergency scenario. Firefighters performing moderate-intensity activities at an 214 emergency scene in a hot, humid environment will be challenged with increased metabolic rate, 215 impaired thermoregulation due to PPC, as well as elevated T sk and HR. The current data reveal 216 that reaching a core temperature of 38.5°C may impair aspects of cognitive function.
217
One explanation for the impairments observed in cognitive function is the Global 218 Workplace Theory (GWT) suggested by Baars (Baars 2005 
231
In addition, the PAL test has been shown to elicit increased activity in the hippocampus 232 (during encoding of a newly shown object) and parahippocampal gyrus (during retrieval of the 233 location of the object) with increasing task complexity 21 . Previous research has found that 234 exercise and hyperthermia resulted in reduced middle cerebral blood flow (Nybo & Nielsen 235 2001) with regional decreases in the hippocampus and prefrontal cortex (Qian et al. 2014 ).
236 However, subsequent research showed that the reduction in global cerebral blood flow (gCBF) 237 during exercise, producing an absolute increase in T core of 1.6°C, resulted in a 7% increase in 238 cerebral oxygen uptake, likely attributed to a Q 10 effect of higher tissue temperature (Nybo et al. 239 2002). In addition, Qian et al. (2014) found regional blood flow decreases in the hippocampus 240 and prefrontal cortex following passive heat stress in 50°C. The current findings suggest the 241 increase in cognitive resources required to perform the SSP and PAL tests at a T core of 38.5°C
242 combined with exercise resulted in the impaired cognition.
Active cooling recovery to a T core of 37.8°C resulted in restoration of visuospatial 244 memory and visual episodic memory to initial levels. Previous work has reported decrements in (2013) did not report they specific recovery procedure or whether the participants wore 251 their PPC during the post-simulation cognitive assessment. The result in the current study 252 different from Robinson et al. (2013) and Morley et al. (2012) in that no impairments were 253 observed in any aspect of cognition assessed immediately following the EIHS protocol or after 254 active cooling recovery. This suggests that active cooling recovery with forearm immersion may 255 be capable of restoring certain aspects of cognitive function that do not return to pre-exercise 256 levels with passive recovery. Without proper rehabilitation, cognitive impairments following an 257 emergency scenario can put firefighters in increased danger upon performing additional duties, 258 re-exposure at the scene, or emergency calls later in their shift. The data from the current study 259 reveal the importance of an active cooling recovery protocol not only to reduce physiological 260 strain but also improve cognitive function to perform duties within the same work shift.
261
The direction of T core declined during the POST and REC cognitive assessments. Allan & 262 Gibson (1979) have shown that the direction of T core may have a substantial impact on cognitive 263 function, with greater impairments observed when T core is rising compared to falling between a 264 T core of 37.9 and 38.5°C. In their study, the cognitive task implemented took 60s to complete, 289 following EIHS in firefighters, emphasizing the need for active cooling recovery during 290 firefighting job tasks in hot environmental conditions ∆body mass (%) -1.1 ± 0.2 -1.1 ± 0.3
Fluid Intake (%) 94.4 ± 2.9 92.9 ± 3.9
